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We screened 44 lactose-positive Vibrio strains isolated from the marine environment for homology with a

3.2-kilobase DNA fragment encoding the Vibrio vulnificus cytotoxin-hemolysin gene. All 29 marine isolates
identified as V. vulnificus on the basis of numerical taxonomy and DNA-DNA hybridization studies hybridized
with the cytotoxin gene probe, as did all V. vulnificus reference strains. Homologous gene sequences were

identified in no other lactose-positive marine vibrio isolates nor in 10 other Vibrio species.

Vibrio vulnificus is an estuarine bacterial species that has
been implicated as a cause of serious human wound infec-
tions and a syndrome of primary septicemia (1, 9, 14). Over
50% of patients with primary septicemia die; susceptible
persons are thought to acquire the organism by eating raw
oysters (9). V. vulnificus was first characterized on the basis
of lactose fermentation, with papers referring to the organ-
ism simply as a "lactose-positive marine vibrio" (1). Subse-
quent studies with numerical taxonomy and DNA-DNA
hybridization techniques have shown that there is significant
heterogeneity among lactose-positive environmental Vibrio
isolates (12, 15). In one study, only 20% of such isolates
were identified as V. vulnificus, with most of the remainder
not readily classifiable into recognized Vibrio species (12).
There is currently no way of rapidly differentiating V.
vulnificus 'with its potential for causing serious human
disease) from other lactose-positive environmental Vibrio
isolates.

V. vulnificus produces a cytotoxin-hemolysin that has
been implicated as a virulence factor for the organism (2);
while the cytotoxin may contribute to virulence, it does not
appear to be a marker for pathogenicity, as it is produced by
both virulent and avirulent strains ( J. G. Morris, A. C.
Wright, L. M. Simpson, P. K. Wood, D. E. Johnson, and
J. D. Oliver, FEMS Microbiol. Lett., in press). We isolated
the structural gene for the cytotoxin on a 3.2-kilobase
EcoRI-HindIII fragment cloned into pBR325, forming the
plasmid pCVD702. In previous experiments, this fragment
was shown to hybridize with V. vulnificus isolates but not
with isolates from a limited number of other bacterial species
(18). In the current study, we used this fragment as a DNA
probe to screen 44 lactose-positive vibrios isolated during a
series of environmental studies conducted along the Atlantic
coast (12).
These marine isolates, with 23 reference Vibrio strains,

had been screened for the presence of 47 phenotypic traits
and fell into five taxonomic clusters (12). All V. vulnificus
reference strains were in cluster III. Ten randomly selected
environmental strains from this cluster which were exam-
ined for genetic homology to V. vulnificus by DNA-DNA
hybridization were found to be V. vulnificus, with homolo-
gies of 77 to 95% at stringent temperatures (12). For the
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present study, several isolates in each of the remaining four
clusters were similarly examined for homology to a refer-
ence strain of V. vulnificus. All were :<22% related, with an
average of 11% homology.
Members of all five clusters, as well as additional previ-

ously untested reference strains, were screened for homol-
ogy with the DNA fragment encoding the V. vulnificus
cytotoxin-hemolysin gene. pCVD702 was digested with
EcoRI and HindlIl, and the 3.2-kilobase fragment was
isolated and labeled with [a-32P]dATP (New England Nu-
clear Corp., Boston, Mass.) by nick translation (7). Colony
hybridizations were performed under high-stringency condi-
tions, as described by Moseley et al. (10). The results are
shown in Table 1. All V. vulnificus reference strains and all
isolates in cluster III hybridized with the gene probe. No
hybridization was seen with reference strains from other
bacterial species or with isolates from the remaining four
clusters of lactose-positive vibrios.

Southern blot analyses (13) of chromosomal restriction
endonuclease digests with the cytotoxin-hemolysin gene
probe were performed for 16 V. vulnificus reference strains
and 5 isolates from cluster III. Three Southern blot patterns
were identified after HindIlI digestion (Fig. 1); 9 strains
showed pattern A, 2 strains showed pattern B, and 10 strains
(including all three biogroup 2 reference strains [15]) showed
pattern C. Two patterns were seen after digestion with either
BamHI or EcoRI (data not shown). It was not possible to
correlate specific Southern blot patterns with characteristics
such as isolate source. In contrast to observations made with
toxins and hemolysins produced by other Vibrio species (8,
11), we did not see clear evidence of duplication of the
cytotoxin-hemolysin gene. The significance of the faint hy-
bridization seen with a second chromosomal fragment re-
mains to be determined.
As oysters appear to be the major source for human V.

vulnificus infections, we screened spiked oyster homoge-
nates to determine if the probe could be used to identify V.
vulnificus in oysters. Fifty grams of shucked oyster meats
(obtained from a local retail distributor) were homogenized
in 450 ml of phosphate-buffered saline (17). Undiluted ho-
mogenate and 1:10 and 1:100 dilutions of the homogenate
were seeded with serial 10-fold dilutions of V. vulnificus,
with concentrations ranging from 107 to 1010 CFU/ml; counts
were confirmed by plating on thiosulfate-citrate-bile salts-
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TABLE 1. Hybridization of lactose-positive marine vibrio
isolates and reference strains with a DNA probe for the V.

vulnificus cytotoxin-hemolysin gene
No. of isolates

Marine vibrio or reference strain hybridizing with
probe/no. tested

Lactose-positive marine
vibriosa
Cluster

I 0/7
ll 0/4
III 29/29
IV 0/1
V 0/3

Reference strain
V. vulnificus
Biogroup 1, clinical isolates 13/13
Biogroup 1, environmental isolates 4/4
Biogroup 2b 3/3

V. harveyi 0/14
V. campbellii 0/4
V. aesturianus 0/2
V. mimicus 0/2
V. parahaemolyticus 0/2
V. alginolyticus 0/1
V. anguillarum 0/1
V. cholerae 0/1
V. fischeri 0/1
V. fluvialis 0/1

Escherichia coli 0/3
Pseudomonas aeruginosa 0/1
Yersinia enterocolitica 0/1
Aeromonas hydrophila 0/1
Photobacterium leiognathi 0/1
a Described in reference 12. Clusters: I, H,S', many bioluminescent; It,

H2S+; IV, H,S variable, urease positive, colistin resistant; V, H,S', urease
variable, bioluminescent.

b Isolated from eels; see reference 16.

sucrose agar. Ten-microliter samples were spotted onto
nitrocellulose filters. The filters were incubated overnight on
L agar, processed, and hybridized with the DNA probe.
Sixty V. vulnificus organisms (10 ,ul of homogenate contain-
ing 6 x 103 CFU/ml) were easily detectable with the probe,
with six V. vulnificus organisms producing a visible pattern
on the autoradiograph. The results were unaffected by the
initial concentration (i.e., undiluted, 1:10, or 1:100) of the
oyster homogenate.
Our work indicates that the cytotoxin-hemolysin gene

probe provides a very sensitive and specific means of
identifying environmental V. vulnificus isolates, giving re-
sults comparable to those obtained by using much more
complex numerical taxonomy and DNA-DNA hybridization
techniques. Southern blot patterns have been used as mark-
ers in epidemiologic studies of other Vibrio species (5).
Although we found no immediate correlation between char-
acteristics such as isolate source and Southern blot pattern,
these profiles may be useful as epidemiologic markers in
subsequent clinical and environmental studies. DNA probes
have been used to screen food and stool samples directly for
a variety of pathogenic microorganisms (3, 4, 6). We were
able to detect as few as 6 CFU per 10-,ul sample when crude
oyster homogenates were directly spotted onto nitrocellu-
lose filters; however, with a 10-,ul sample, as described, we
could not consistently detect <104 CFU/g of oyster meat.

FIG. 1. HindlIl digests of chromosomal DNA (left panel) and
Southern blot hybridizations (right panel) with the 3.2-kilobase
DNA fragment containing the V. vulnificus cytotoxin-hemolysin
gene, with representative V. vulnificus strains. Lanes: a, V.
vulnificus E4125; b, V. vulnificus EDL-174; c, V. vulnificus 9598
(biogroup 2).

While it will probably be necessary to use a larger sample
volume or include concentration or enrichment steps to
improve the sensitivity of the procedure, our data suggest
that the cytotoxin-hemolysin gene probe is potentially a
valuable tool for rapid, direct identification of V. vulnificus in
environmental samples such as oysters or seawater.
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